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A generalized predictive control (GPC) algorithm was formulated and applied to the 
cavity flow-tone problem. The control algorithm demonstrated multiple Rossiter-
mode suppression at fixed Mach numbers ranging from 0.275 to 0.38.
Controller performance was evaluated with a measure of output disturbance 
rejection and an input sensitivity transfer function. The results suggest that 
disturbances entering the cavity flow are collocated with the control input at the 
cavity leading edge. In that case, only tonal components of the cavity wall-pressure 
fl i b d d bi b db d d i iuctuat ons can e suppresse  an  ar trary roa an  pressure re uct on s not 
possible with the present sensor/actuator arrangement. In the control-algorithm 
development, the cavity dynamics were treated as linear and time invariant for a 
fixed Mach number. The experimental results lend support to that treatment.
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An adaptive generalized predictive control (GPC) algorithm was formulated and 
applied to the cavity flow-tone problem. The algorithm employs gradient descent to 
update the GPC coefficients at each time step. Past input–output data and an 
estimate of the open-loop pulse response sequence are all that is needed to 
implement the algorithm for application at fixed Mach numbers. Transient 
measurements made during controller adaptation at fixed Mach number revealed 
that the controller coefficients converged to a steady state in the mean, and this 
implies that adaptation can be turned off at some point with no degradation in              
control performance. The control algorithm demonstrated multiple Rossiter mode 
suppression at fixed Mach numbers of 0.275, 0.32, and 0.38, provided the plant 
model was updated for each Mach number.
However, as in the case of fixed-gain GPC, the adaptive GPC was limited by 
spillover in sidebands around the suppressed Rossiter modes. The algorithm was 
also able to maintain suppression of multiple cavity tones as the freestream Mach 
number was varied over a modest range (0.275–0.29). Beyond this range, stable 
operation of the control algorithm was not possible due to the fixed plant model in 
the algorithm.
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An array of 5 ZNMF actuators was installed at the cavity leading edge (which spans 
2 inches).  Each cell has 2 cavities.  When the diaphragm moves to one side, it 
expels fluid from one slot and ingests fluid through the opposite slot.  The design is 
self-venting, so dc pressure is equalized across each diaphragm (which prevents 
static deformation of the diaphragm for varying tunnel static pressure).  The 
actuator produces peak rms velocities > 70 m/s (see next slide) over a bandwidth 
sufficient for suppression of Rossiter modes less than about 2 kHz.
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Multiphysics modeling of actuator to create a virtual test bed for control of cavity 
oscillations, in which the actuator is modeled in the Craft code w/ various closed-
loop control algorithms.  A key first step is to create a first-principles based code 
(described above) that accurately represents the ZNMF physics of the actuator.  A 
few key points.  First, in CL control, a sinusoid is not used so there is no simple way 
to impose ZNMF.  Second, the model gives a reasonable representation of the 
benchtop measurements and enables us to determine what the CL control “needs” in 
terms of output from the actuator (since we are not limited by voltage in the               
simulations).  Note the peak velocity > 70 m/s.
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